Abstract: User cooperation is a well-known approach to achieve diversity without multiple antennas, however at the cost of inevitable loss of rate mostly due to the need of additional channels for relaying. A new collaborative diversity scheme is proposed here for multiple access fading channels to attain full rate with near maximum diversity. This is achieved by allowing two users and their corresponding relays to transmit/forward data on the same channel by exploiting unique spatial-signatures of their fading channels. The base-station jointly detects the co-channel users' data using maximum-likelihood search algorithm over small set of possible data combinations. Full data rate with significant diversity gain near to two -antenna Alamouti scheme is shown.
I. INTRODUCTION
User cooperation schemes [1] - [5] that realize spatial diversity by coordinating two or more single antenna terminals, have recently emerged as an attractive alternative to multiple antenna diversity. This is however attained at the loss of rate mostly due to the need of extra channels for relaying. Various schemes have been proposed in the literature to address this problem. For example, a scheme referred to as opportunistic multipath for bandwidth-efficient cooperative multiple access, is proposed in [2] for code division multiple access (CDMA) where each user is assigned two idle relays that forward its estimated data in turn over two consecutive time periods. It exploits the capability of CDMA pseudo noise spreading codes to resolve the multipath from the relays to meet the above objective, however at the cost of increased multiuser interference as the system loading increases. Another approach called superposition coding assisted cooperative multiple access is proposed in [3] , where the relaying user superimposes its own data along with source users' data. It assumes full knowledge of channels and their precoding matrix at all user nodes and destination. This requires closed loop operation with feedback channels, leading to a more complex system and some loss in throughput. Another example is space-division relaying (SDR) proposed in [4] that allows two users to exchange their data in first and second periods, and in the third period, space division multiplexing rather than time division is used for simultaneous relaying of users' data. It shows improved rate of 2/3 λ = compared with 1/2 λ = e.g. in [1] .
In relation to these work, the following contributions are made in this paper: a) a higher rate scheme for cooperative communications is proposed that achieves 1 = λ with near full diversity, b) collaborative diversity approach is investigated to permit simultaneous transmission of data from more than one user and their corresponding relays using the same channel, c) a low complexity maximum-likelihood (ML) receiver algorithm is used both at relays and the base-station to jointly detect and recover the users' data based on the minimum Euclidian distance criterion over a small number of possible data combinations exploiting the differences in their fading channel gains. To verify the gains, system design for an uplink of orthogonal CDMA is shown, though also applicable to other multiple access schemes e.g. TDMA and O/FDMA.
II. PROPOSED COLLABORATIVE DIVERSITY SCHEME
To illustrate the principles of our scheme, we consider as an example a group consisting of two collaborating users i.e. 2 = L and two corresponding relays as shown in Figure 1 
, respectively. The relays perform CDMA despreading followed by joint detection of the co-channel signals using an ML search algorithm based on minimum Euclidian distance criterion over small number of data combinations to give estimates detected for co -channel users' data using the ML criterion to give 1k b and 2k b with diversity order approaching two. We assume that the users and their relays are located sufficiently far apart from each other so that the channel pairs
are uncorrelated to ensure that the ML joint detectors are able to distinguish co-channel users' data by exploiting their channel gain differences.
A. Period 1:-User Data Transmission
The transmitted signal in this period (shown as solid-line arrows in Figure 1) is flat fading channel gain from the kl th user to it's (kl th ) relay and v is the AWGN noise.
B. Decoding at Relays
The detection of kl b at the relay (shown as an arrow underneath it in Figure 1) 
where 
D. Diversity Combining and Joint Detection at the Base-station
The received signals at the base-station during the first, r, and the second period, r', can be written as: We assume all the channels are Rayleigh flat fading and the uplink channels have equal variances i.e. Synchronisation is an important practical consideration; therefore two cases are also investigated here: a) perfect synchronisation and b) perfect synchronisation in the first period, but with a timing error in the second period.
The timing error signal is modeled as complex Gaussian random variable with standard deviation in fraction of chip period. Channel estimation is also an important practical issue, however it is assumed perfect to investigate the ultimate gain of the proposed scheme irrespective of channel estimation method used, study of which is the subject of future investigations.
Rate and Diversity Performances:
The efficiency in terms of rate for a cooperative CDMA can be defined 
IV. Conclusion
A full rate user collaborative diversity scheme with near full diversity is presented. This is shown to be achieved by pairing two users and their corresponding relays to transmit/forward data using the same channel and then jointly detecting the co -channel users' data by exploiting the differences in their channel gains in a collaborative manner. For example, a significant SNR gain of 9 ≈ dB is shown compared with non-cooperative direct transmission and also within 1 dB from the two-antenna Alamouti scheme while operating at the full rate of unity. It is also shown that the diversity is retained under modest synchronisation error. Channel estimation technique and fading correlation are important practical considerations to be investigated in future work.
Extension to higher group size is also interesting for further investigations.
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